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Force/Position Hybrid Control for a Wire-Driven Parallel Robot Support
System Based on RBF Neural Network Compensation
WANG Yu-qi, LIN Qi, WANG Xiao-guang, Zhou Fangui, LIU Jun
(School of Aerospace Engineering, Xiamen University，Xiamen 361005，China)
Abstract: In order to guarantee the precision of the end effector of a wire-driven parallel robot support system (WDPRSS)
used in a wind tunnel test, a force/position hybrid control is proposed based on Hamilton-Jacobi Inequality (HJI) theorem
and RBF neural network compensation. Through dynamic modeling analysis of the WDPRSS, the whole dynamic
equation of the WDPRSS is established using the pose as the variable. The proposed force/position hybrid control is
substituted into the dynamic equation to obtain the error closed-loop system. Stability analysis of the closed-loop system
shows that the WDPRSS tends to be asymptotic stable. A MATLAB/SIMULINK simulation experiment of the WDPRSS
is conducted. The simulation results show that the proposed force/position hybrid control strategy is correct and valid,
and satisfies control accuracy requirement. And the designed force/position hybrid control and PD control are compared
and analyzed. Finally, the effectiveness of the proposed control scheme is verified by prototype experiments. Simulation
experiments and prototype experiments provide the theoretical evidence and the experiment foundation for the technology
implementation on the prototype.




























































































M0θ¨m + C0θ˙m + µT =τ. (1)






X = (XP , YP , ZP , φ, θ, ψ)T为末端执行器的实际位


























cos θ cosψ − sinψ 0
cos θ sinψ cosψ 0












L˙ = µθ¨m = JGX˙. (3)
L¨ = µθ¨m = J˙GX˙+JG˙X˙+JGX¨. (4)
将式(3)和式(4)化简后，得式(5)和式(6)：
X˙ = µ · G−1J+θ˙m. (5)
X¨ =G−1J+(µ · θ¨m − J˙GX˙ − JG˙X˙)
=µ · G−1J+θ¨m − µ · G−1J+J˙J+θ˙m
− µ · G−1G˙G−1J+θ˙m (6)








M(X)X¨ + N(X, X˙)− wg − we




(M(X)− (1/µ2) · JTM0JG)X¨
− (1/µ2)(JTM0J˙G + JTM0JG˙ + JTC0JG)X˙
=− (1/µ) · JTτ + wg + we − N(X, X˙) (8)





D = −µwg − µwe + µN(X, X˙)
将式(8)化简得：





















































此时， η ≤ λ，说明并联机器人系统不仅
















[x1;x2;x3 · · ·x12]，共计12个；设定网络隐含层的输
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∂0， 其 中， Υˆ
∗(•)=Wf∗T G(x)。 定 义 逼 近 误






















γp = (JT)+(−KPe− Kde˙) (15)





AX¨ + BX˙ + µwg + µwe − µN(X, X˙)
=JT((JT)+(−KPe− Kde˙)
+ (JT)+(λ¯+ AX¨d + BX˙d
− µN(X, X˙)) (17)
其中，JT(JT)+ = I6×6，(J)+J = I6×6。
化简所得的误差闭环系统如下所示：
Ae¨ + (B + Kd)e˙ + KPe
=λ¯− µwg − µwe (18)
令Υ(•)=∆χ=µwg+µwe ，且∆χ为不确定性、动态
耦合及外界干扰，则公式(18)可化简得：
Ae¨ + (B + Kd)e˙ + KPe + ∆χ = λ¯ (19)
采用RBF神经网络逼近补偿∆χ，其表达式为：
∆χ=Wf∗TG(x) + εf (20)
其中，εf为逼近误差。
综合式(19)和式(20)，可得：
Ae¨ + (B + Kd)e˙ + KPe + Wf∗TG(x) + εf = λ¯ (21)
定义状态变量： {
x1 = e
x2 = e˙ + αe
(22)
其中，α > 0。则，
x˙1 = x2 − αx1
Ax˙2 = −(B + Kd)x2−Wf∗TG(x)
− εf − KPx1 + λ¯+$
(23)






A−1(−(B + Kd)x2 −Wf∗TG(x)



















λ¯ = −$ + WˆTfG(x)− βKPx1
− (1/2λ2 + ς)x2 − KPx˙1 (26)




















− εf − KPx1 + λ¯+$) + 1/2x2TA˙x2




=x2T(−(B + Kd)x2−Wf∗TG(x)− KPx˙1
− εf − KPx1 + WˆTfG(x)− βKPx1
− (1/2λ2 + ς)x2) + 1/2x2TA˙x2





V˙ =x2T(−εf − (1
/




TA˙x2 − x2T(B + Kd)x2




− (1 + β)x2TKPx1 (29)
V˙ =− x2Tεf + x2TW˜TfG(x)− (1 + β)x2TKPx1
− (1/2λ2 + ς)x2Tx2 − x2TKPx˙1
+ 1/2x2
T(A˙− 2(B + Kd))x2





Π=V˙ − 1/2λ2‖εf‖2 + 1/2‖Λ‖2 (31)
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将式(30)代入到公式(31)中，则
Π=− x2Tεf + x2TW˜TfG(x)
− (1/2λ2 + ς)x2Tx2 − x2TKPx˙1
+ 1/2x2
T(A˙− 2(B + Kd))x2




− 1/2λ2‖εf‖2 + 1/2‖Λ‖2
− (1 + β)x2TKPx1 (32)











T(A˙− 2(B + Kd))x2
+ 1/2‖Λ‖2 − ςx2Tx2 + x1TKPx˙1
− (1 + β)x2TKPx1 − x2TKPx˙1 (33)
令Π=Π1 + Π2 + Π3 + Π4，则







Tx2 + 2x2Tεf + λ2‖εf‖2)
= −1/2(1
/
λ2‖x2‖2 + 2x2Tεf + λ2‖εf‖2)
= −1/2














Π3 = 1/2‖Λ‖2 − ςx2Tx2 = 0(ς = 1/2) (36)
Π4=1/2x2
TA˙x2 + x1TKPx˙1
− x2T(B + Kd)x2 − x2TKPx˙1
− (1 + β)x2TKPx1
=1/2x2
TA˙x2 + (x2 − x˙1/α)TKPx˙1
− x2T(B + Kd)x2
− (1 + β)x2TKPx1 − x2TKPx˙1 (37)
Π4 =1/2x2
TA˙x2 − x2T(B + Kd)x2
+ (1/α(x2
T)− x2T)KP(x2 − αx1)
− x˙T1/αKPx˙1 − (1 + β)x2TKPx1
=x2T(A˙
/
2− (1 + β)/40KP)x2
+ (1 + β)x2T(1/40KPα− KP)x1
















由于Π1 ≤ 0，Π2=0，Π3=0，Π4 ≤ 0，最终
求得Π ≤ 0。
根据式(31)对Π 的定义，可得如下定理：
当Π=V˙ − 1/2λ2‖εf‖2 + 1/2‖Λ‖2 ≤ 0，即：










Xd =[0.2× sin(t); 0.2× sin(t);
0.2× sin(t)− 0.582;
pi/6× sin(t); pi/6× sin(t);
pi/6× sin(t)] (40)
KP= diag([3000 11000 12000 150 120 250]) (41)




参数 数值 参数 数值
M0 7 ∗ 10−5I8×8 α 40
C0 5 ∗ 10−3I8×8 β 38
m 1.028 kg κ 20
µ 0.0025/pi λ 0.1






符号 坐标点(mm) 符号 坐标点(mm)
P1 (-208,78,-1)T B1 (200,415,-1280)T
P2 (-208,-78,-1)T B2 (200,-415,-1280)T
P3 (0,-27.7,-10.1)T B3 (-300,-308,-1250)T
P4 (0,27.7,-10.1)T B4 (-300,308,-1250)T
P5 (0,27.7,10.1)T B5 (-315,315,-70)T
P6 (-208,78,1)T B6 (160,415,-70)T
P7 (-208,-78,1)T B7 (160,-415,-70)T
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